DASC cache: dealing with cache access time and virtual indexing by Seznec, André
DASC cache: dealing with cache access time and virtual
indexing
Andre´ Seznec
To cite this version:
Andre´ Seznec. DASC cache: dealing with cache access time and virtual indexing. [Research
Report] RR-2082, INRIA. 1993. <inria-00074589>
HAL Id: inria-00074589
https://hal.inria.fr/inria-00074589
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
IS
SN
 0
24
9-
63
99
appor t  

de  r ech er ch e 
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET AUTOMATIQUE
DASC cache: dealing with cache access time
and virtual indexing
Andre´ Seznec
N˚ 2082
Octobre 1993
PROGRAMME 1
Architectures paralle`les,
bases de donne´es,
re´seaux et syste`mes distribue´s
  	
ﬀﬂﬁﬃ !"#! 	$%$&ﬁﬃ'(ﬀ
)
+*%ﬁﬃ,-.	/.
0214365%7
8:9;8=<
1
8?>A@
B%CEDGFHCJIK2KML!NPORQ CJSET?UWVXL+SYVXZ?CELﬂ[\]IC^I_W_a`Lﬂ_WLﬂ[+b=c]Id[XLﬂ[e=Lfe=DHg?ghLﬂLi[+b?C?hLﬂ[XLjIZ=kLﬂV [Xl=[XV+`LﬂKMLﬂ[	emUn[EVXCEUncoZphLﬂ[
B%CED+q^LﬂVrI_sS^\]IdC
t	Id\?\]DHCXV	e=LCEL+SET?LﬂCJSET?Lg
uwvGxHyGvzOR{S^VXDHc?CXLMNj|G|H}ORvH~\]IFHLﬂ[
ij]H!ŁgIPKMUsS^CEDG\?CEDmSYLﬂ[X[EDGC+bHVXToLpSﬂIHSET?LT?UWV6VEUnK2L%FGLﬂg?LiCJI_W_Wlfe=LiVXLﬂCEKMUWg?Lﬂ[%VXToLpS^_WD?SECEL+HZ?Lﬂg]S^l=
Z?VDGCﬃVXT?LVXLig_sI[XVﬃlGLjICX[jb]IVEL+SET?g?DG_WDHFGUsSﬂI_VXCELﬂg]e"UW[VET?LUngS^CXL+Id[XL!DdVET?L!SﬂIGSET?L!K2UW[X[ﬃ\]LﬂgI_WVŁlUWg
VELﬂCXK2[DdUWg?[XVECXZ]SYVXUWDGgUW[X[XZoLe=Li_Ijl=[j;VXT?Lig:KIUWg=VJIdUWg?Ug?FVXToLSﬂIHSET?LKMUW[X[C^IVEUnD"I[_WDI[\DG[X[EUWc?_WL
UW[I_W[XDD	\]IdCXVEUSYZ?_sICUng=VELﬂCXLﬂ[EV+-?DHCILﬂlGL+IdCX[+bVXT?LiCXLT]Id[fcLﬂLﬂg-g=Z?K2LﬂCXDHZ?[f[EVXZ]emUnLi[D?S^Z?[XUWg?F
DHg I._WD¡SﬂIHSXToLT?UWVVXUWKMLToUn_WL2KIUWg=VJIdUWg?UWg?F"_nD¢SﬂIGSET?L"KMUW[E[fC^IVXUWD¤£Pg=DGCEVXZ?gIVXLi_nl¥KMDH[XV!Dd
VET?Lf\oCXDG\DG[EL+e[XDH_WZ?VXUWDGgo[	UWKM\?_WUsS^UWVX_Wl[XZ?\o\]DH[XLVXT]IdVVET?LSﬂIGSET?LUW[¦=UWCXVEZ]I_W_WlMUWg]emL^k?L+e;§AT?LigZ?[XUWg?F
¦=UWCXVEZ]I_W_Wl"Unge=L^k?L+eSﬂIGSET?Lﬂ[jb%VXT?LDG\LﬂC^IVXUWg?F"[Elw[EVXLﬂK¨DGCKIjl2c]L[XDHKML![E\]L+SYU©;ST]IdCJe=ICEL+ª T]I[VXD
K"Ig]IdFGL	VET?L!S^DGgo[XUW[XVELﬂg]S^l"DSﬂIHSET?Lﬂ[Idg]e2KMLﬂK2DGCElw
Łg
VXT?UW[%\]I\LﬂCjbLﬃ\?CEDG\DG[XLVET?L«	UWCEL+S^VŁ¬ŁKId\?\L+eQSiS^Lﬂ[X[­=LﬂV®¬®Id[X[EDmSYUIdVXUW¦GLrﬃT?L+SEfSiIGSET?L¨a«PQ­?rª
DHC!IGe?e=CELﬂ[X[EUWg?F"c]DHVXT:e=U°¯S^Z?_WVXUWLﬂ[j!{	g:I"«Q­?r±SﬂIGSET?LHb6VET?LSiIGSET?LMICECJIjl"UW[!e=UWCXL+S^V®¬aK"I\?\L+e"VET?Lﬂg
VET?LSﬂIHSET?L	T?UWV4VEUWKMLﬃUn[_nD!bdc?Z?VId[4VXT?L VJIdFfICECJIjl!UW[4[ELﬂVŁ¬XI[E[XD?S^UsIVEUn¦HLGb VXT?L L^k?VXLﬂCEg]I_;K2UW[X[%CJIdVXUWDUn[VXT?L
[^IKMLI[	VET?LKMUW[X[C^IVXUWD2DpI[XLﬂV®¬®Id[X[XD?S^UsIdVXUW¦GLSﬂIGSET?LH§AT?LﬂgVET?L[XUW²ﬂLDpIdg³I[E[XD?S^UsIVEUn¦=UWVŁle=LﬂFHCXLﬂL
DdVXToL	VJIdFIdCXC^IjlfUW[ﬃVXUWL+eVEDfVET?L	K2UWg?UWKZ?K´\IFGL [XUW²ﬂLGb?I2µj¶s·^¸Ł¹mºd»s»¼ﬃUWg]e=LYkmLjeM«Q­?rASﬂIHSET?L!S^DGCECXL+S^VE_Wl
T]Idg]e=_WLﬂ[I_W_½emU¯SYZ?_WVXUWLﬂ[	I[E[XD?S^UsIVEL+e2UWVXTSﬂIGSET?LS^DGg?[EUW[XVXLig]S^l=
¾%C^IGS^L!e=CEUn¦HLﬂgM[EUWKZ?_sIVXUWDHg?[%[XT?D¿VXT]IdV+bHDHCpSiIGSET?L![EUn²iLﬂ[UWgMVXToLC^Ig?FHLDpNj~j¬X}Gv!À c=l=VXLﬂ[Ig]eDGC
S^ZoCXCXLigwVK2UWg?UWKfZ?K¿\]IdFGL[XUW²ﬂL UWgVXT?L CJIgoFGL	Ád¬®yHÀ cwl=VELﬂ[+bHZ?[XUWg?FI!«Q­?r-SﬂIGSET?L Un[ﬃI¦GI_WZ]Idc?_WLVECJIGemL^¬
DdÂ¤cL+SﬂIZo[XLMUWV!I_W_WD[ aI[EV!SﬂIGSET?L2T?UWVVEUWKMLIg]e._WDÃSﬂIHSXToLKMUW[X[CJIdVXUWD"T?UW_WLSﬂIHSET?LMS^DGgo[XUW[XVELﬂg]S^l
K"Ig]IdFGLﬂK2Lﬂg=V4UW[\LﬂCŁDGCXK2L+e2c=lMT]IdCJe=ICELG
Ä2Å=Æ;ÇXÈ!ÉGÊ%-SﬂIGSET?L!ToUnVﬃVXUWK2LGbGK2UW[X[ﬃCJIVEUWD]b=¦=UWCXVXZI_W_WlfUWg]e=LYkmLjeSﬂIGSET?LHb]SﬂIHSXToLfS^DGgo[XUW[XVELﬂg]S^l
ËsÌÍ
ÎaÏŁÐ+Ñ
Í
ÎÒÓWÏŁÔŁÕ^Ö
×ØÙÚ;Û]ÜYÝÞÛ]ßﬂÚáàGß^ÝŁâsÙß^ãäãåÚsæàà=Ü^ÝaâçXèéå	êë6ìí
îWï]ì6êoðsñòë6ó!ô
õ
ÚçEöŁ÷GçEøJùáÙäÝÙÚßú û°Ý
Unite´ de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex (France)
Te´le´phone : (33) 99 84 71 00 – Te´le´copie : (33) 99 38 38 32
 Efﬁ
' 
'+*4   , + '	*
'(ﬂ$ !ﬁ4*4
Y /"!f$", ﬁﬀ+ﬀﬁ4
'	$  X
	$
ÅmﬀÅ¿ «Igo[MS^L"CJI\o\]DHCXV+b%goDGZ?[\?CXDH\]DH[XDHg?[_WLMKMD?e;`Li_nLMemLSiIGSET?L«Q­?r¢¨a« UWCXLjS^VŁ¬ŁKId\?\]Lje
QSﬂS^Lﬂ[E[z­mLﬂVŁ¬ŁQ	[E[XD?S^UsIVEUn¦HLfrﬃT?L+SE?ªﬂ
«Idg?[%Z?gSiIGSET?L	«Q­?rbj_WLV^Ic?_WL+IdZe=Li[e=DGgogphLﬂLﬂ[ﬃLﬂ[XVﬃe=UWCXL+S^V®¬aK"I\?\L+e
VJIdg]e=UW[4GZoL_WLﬃVJIco_nLjIZe=Lﬂ[
hLﬂVEUsGZoLﬂVXVELﬂ[¨X¸XºﬂﬁﬂﬃªòLﬂ[EVpId[X[EDmSYUIdVXU°;\]IC4Lig?[XLﬂKco_nLi[+GrﬃL+SYU]\LﬂCXK2LﬂVe=L\oCXD©VXLﬂCe  Z?gVXLﬂK2\?[4e äIGSﬂS`Li[pIdZ
SﬂIHSET?LfVEC+`Lﬂ[ c]I[¨VJIdc?_WL+IZ³emLzemDGg?ghLiLﬂ[!e=UWCXL+S^V®¬aK"I\?\L+e?ªﬃV^Ig]emUn[	HZ?L
_nLV^IZ=ke XhL+SET?L+S^[[XZoC	_WL!SﬂIGSET?L
Lﬂ[EV	K"IUWg=VXLﬂg=ZVXC+`Lﬂ[	cI[+
! Z]Idg]e_"äI[E[XD?S^UsIj¦=UWV?hLe=ZMV^Ic?_WL+IdZe=L VJIFH[Li[XV	Iﬂq^Zo[XV?hLiLzemL	VXLi_n_WLﬂ[ﬃ[XDHCXVELﬂ[	HZ?L	_sIV^IUW_W_nL	Id[X[EDmSYU+hLiL`I
Z?ge=LﬂFGC?hLpe# Id[X[EDmSYUIdVXUW¦=UWV?hL%[XDHUnVò_sIﬃVJIUW_W_WL%KMUWg?UWKfZoK e# Zog?L4\]IdFGLGbi_$ Z?VEUW_nUW[^IVXUWDHg	e  Z?g?L4[EVXCXZS^VXZ?CEL	«Q­?r
\LﬂCXK2LﬂVe  UWg]e=LYkmLiC4_WLVJIco_nLjIZMe=Lﬂ[ﬃe=DGg?ghLﬂLﬂ[Ij¦GL+Sﬃ_"äIGe=CELﬂ[X[EL	¦=UWCXVEZ?Lﬂ_W_WLLﬂV4_WLVJIdc?_WL+IZe=Lﬂ[ﬃVJIdFG[Ij¦HL+Sﬃ_WL
eﬃhLi\?_sIGS^LﬂK2Lﬂg=Ve?Idg?[6_sIﬃ\]IdFGLGrﬃL+SYUw\LﬂCEKMLﬂV%e=L\oCXD©VXLﬂC	`Iﬃ_sIDGUW[%e=Lﬂ[Ij¦GIdg=VJIFHLﬂ[emL4_" UWg]emL^k]IFGL%¦=UWCXVEZ?Lﬂ_
¨\]I[e=LVXC^IGe=Z]SYVXUWDGgMe äIHe=CXLﬂ[E[XL!Ij¦GIg=V4_"äIGSiS `Lﬂ[IZSiIGSET?L+ªﬃLﬂVe=L _$ UWg]e=LYkoIdFGL\?T=l=[XUsHZ?L
¨KIdUWgwVELﬂg]Idg]S^L
IdZ?VXDHKIVEUsGZoL	e=L!_sIfSYDGg?[EUn[EVXLﬂgS^LemLﬂ[e=DHg?ghLﬂLi[e?Idg?[_WLSﬂIHSXToL+ªﬂ
%¿É iÇJ'&Å SﬂIHSXToLGb?VELﬂKM\?[	e# IHSﬂS`Lﬂ[jb?V^IZ=ke XhL+SET?L+SbUWg]e=L^k]IdFGL	¦=UWCXVEZ?Lﬂ_Łb]SYDGg?[EUn[EVXLﬂgS^LemLzSiIGSET?L
 ^º	
Jºd»¶ ﬁ4¶¸
^º	
º	 ﬃ ﬃ¸Ł¶ﬀfºﬁﬂ µj¶s·^¸Ł¹?º»;¶ﬂﬃ¶ ﬁ }
  
fﬁ4*
2,ﬁﬃ
Łg"IKMUsS^CEDG\?CEDmSYLﬂ[X[EDGC+bHVXToLSﬂIHSXToL	T?UWV4VEUnK2LFHLﬂg?LﬂC^I_W_WlemLﬂVXLﬂCEKMUWg?Lﬂ[VXT?LS^_WDmSE
CXLjGZoLﬂg]S^l"! ~#XGZ?VDGC
VET?LVXLﬂg2_Id[XVﬃlGL+IdCX[jbwI
VXL+SET?goDG_WDGFHUSiI_VXCXLig]eUW[ﬃVXT?L UngS^CXL+Id[XLD6VET?L!SﬂIGSET?LK2Un[E[%\]LﬂgI_WVŁlUWgVXLﬂCEKM[4Dd
UWg?[EVXCXZS^VXUWDGgUW[X[EZ?Lfe=Lﬂ_sIjl=[+VET?LﬂgKIUWg=VJIdUWg?Ug?F
VXT?LSﬂIGSET?LKMUW[E[C^IVXUWD"I[	_WD±I[ \]DH[X[XUWc?_WL!UW[I_W[XDDd
\]IdCXVEUSYZ?_sICﬃUng=VELﬂCXLﬂ[EV$!WN+x#X=?DHCpIzLﬂ lGL+IdCX[+boVXT?LiCXLT]I[cLﬂLﬂg"g=Z?K2LﬂCXDHZ?[\oCXDG\DG[EUWVXUWDGg?[ﬃD6[EVXCEZ]S^VXZoCXLﬂ[
DHC!DGgm¬®SET?UW\:SﬂIGSET?Lﬂ[
D?S^Z?[EUWg?FDGgCXLjIGSET?UWg?F³I2_WDÃSﬂIHSET?LMT?UWVVXUWK2LfT?UW_WLKIUWg=VJIdUWg?UWg?Ff_WD SﬂIGSET?L
K2Un[E[C^IVEUnD%!ävGv=b}?b;N+x=bv?b'&(#®
Q KMDHg?F!VXToLﬂ[XL![EVXCEZ]S^VXZoCXLﬂ[jb;VXT?L
[XVXCEZ]S^VEZ?CXLﬂ[c]Id[XL+e2DHgVET?L!Z?[ELDIfemUnCEL+S^V®¬aK"I\?\L+e"SﬂIGSET?Li[Ige
\DG[E[XUWc?_WLpId_WVXLﬂCEg]IVEL_WD?SﬂIVEUWDGg?[òUng
VXT?LSﬂIGSET?LﬃUWVX[ELﬂ_°]DGCòDGgVXT?Lﬃ[JIdKML4SET?UW\)!WN+x=bv?b*&+#=UWKM\?_WUsS^UWVX_Wl[XZo\?\]DH[XL
VET]IVVET?LfSﬂIHSXToL!UW[¦=UWCXVEZ]I_W_WlUWg]e=L^k?L+e;
§ T?Lﬂg Zo[XUWg?F:¦=UWCXVXZI_W_Wl³UWg]e=LYkmLje¤SiIGSET?Lﬂ[jbVET?L"DG\LﬂCJIdVXUWg?F[Xl=[XVELﬂK ¨DHCKIjlcL[EDGKML[E\]LjS^U°©½S
T]IdCJe=ICEL+ª T]I[VEDMKIdg]IFHL	VET?LSYDGg?[EUn[EVXLﬂgS^l³DdSﬂIGSET?Lﬂ[Ig]e"K2LﬂKMDHCXl;dDGC Lﬂg=DHCJS^UWg?F2VXT?UW[!S^DGgo[XUW[Ł¬
VELﬂg]S^l=b6I2[XUWFGgoU©;SﬂIg=V	\ICXVDdVXT?L\DGVXLigwVEUsI_4\LﬂCŁDGCXK"Ig]SYL!KIjl2c]LpId[XVEL+eUWg[XZ]SETKIdg]IFHLﬂKMLﬂg=V
DHgId\?\?_WUsSﬂIVEUWDGg?[ﬃ[XT]IdCXUWg?F\]IdFGLﬂ[j
ŁgVET?UW[6\]Id\]LﬂCjbjL4\oCXDG\DG[EL4VXToL« UnCEL+S^V®¬aK"I\?\L+eQSﬂS^Lﬂ[E[­mLﬂVŁ¬XI[E[XD?S^UsIVEUn¦HLrﬃT?L+SEfSiIGSET?L¨Ł«Q­orªﬂ
DHg I«PQ­?r SﬂIHSET?LMVET?LVJIdFIdCXC^Ijl³UW[[XLﬂV®¬®Id[X[EDmSYUIdVXUW¦GL2T?UW_WLfVET?LSﬂIHSET?LMICECJIjlUn[e=UWCXL+S^V®¬aK"I\?\L+e;
¾T?Lig³VET?L!T?UWVVXUWK2LDHg"VXT?L«Q­?r´SiIGSET?LUn[VET?L[JIK2LId[	DGgIe=UWCXL+S^V®¬aK"I\?\L+eSiIGSET?LGQ	_WVELﬂCXg]IdVXL
_WD?SﬂIVEUWDGg?[VXDe?IdVJI2ICXL\oCXD¦=Use=L+e.Ung.VXT?LM«PQ­?r SﬂIGSET?LGbác?Z?VfId[VET?LVJIFIdCXCJIjl.Un[[ELﬂVŁ¬XI[E[XD?S^UsIVEUn¦HLGb
Id_n_;VET?Lﬂ[EL!_WDmSiIVXUWDHg?[	ICELzSET?LjSXHL+eIdVVXT?L[JIdKML VXUWKMLG
§ T?LﬂgVET?LM«Q­?r±SﬂIGSET?LTI[	[EUW²ﬂLM­;b;Ig]eVXT?LK2UngoUnKZ?K \]IdFGL[XUW²ﬂLUn[!B%b;SET?D=DG[EUngoF¨a­-,GB4ªI[
VET?Le=LﬂFGCELﬂL"DId[X[XD?S^UsIdVXUW¦=UnVŁl.DVET?LMV^IF³IdCXC^Ijl Id_n_WD[!VEDZ?[ELVET?L«PQ­?r SﬂIHSET?L"UnVET I¦=UWCXVEZ]I_
UWg]e=LYkáboc?Z?VUWVXT"I_W_;VXToLfIGe=¦GIdg=VJIFHLﬂ[ﬃDI\oTwl=[EUSiI_;UWg]e=L^k?L+e.SﬂIGSET?LG
¾ToL	CXLiKIUWg]emLﬂC4D6VET?L	\I\LﬂCUW[DHCXFwIdg?UW²ﬂL+eId[4DH_W_nD[jŁgM[EL+S^VEUnDHgvobGﬃL	CEL+SﬂI_W_;[EDGKML\oCXLﬂ¦=UWDGZ?[
\?CEDG\DG[EUnVEUWDGg?[ﬃDSﬂIHSET?L	[EVXCXZS^VXZ?CELﬂ[	ToDG[XLS^DGK2KMDHg!FGD=I_?UW[ﬃVXD!CEL+IGSETMcDGVETM_WD¤SiIGSET?LT?UWV4VXUWK2L4¬DGC
LﬂgIc?_WUWg?FMToUnFHTS^_WDmSE[E\]LiL+eH¬ﬂb6Ig]e_nD±SﬂIHSXToLKMUW[X[C^IVXUWD¬DGC KMUWg?UWKUW²ﬂUWg?F!\LﬂCŁDGCXK"Ig]SYL!_WDG[X[e=Z?L
VEDKMUW[X[ \]Lig]I_WVXUWLﬂ[®¬Yá¾T?Lﬂg6bòUWg³[EL+S^VXUWDHg }?b;ﬃLf[ET?D VXT?LMemCJIjc]IHSX=[!Ddp¦=UWCXVEZ]I_W_Wl"UWg]e=L^k?L+e:SﬂIHSET?Lﬂ[
Idg]e"\DGUWg=V	DGZoV	VXTIVIdKMDHg?FfVET?L\?CXDH\]DH[XUWVXUWDGgo[	_WUW[XVXLje"UWg[XL+SYVXUWDGg:v?boDGg?_Wl"VXT?L
\?CXDH\]DH[XUWVXUWDGgo[	c]Id[XL+e
DHgDH\?VXUWK2Un[EVXUsSﬃL^k?L+S^ZoVXUWDGg³Id[X[EDmSYUIdVXL+e2UWVXTI
[XLﬂV®¬®Id[X[EDmSYUIdVXUW¦GLSﬂIGSET?LfId_W_nD-\?T=l=[XUsSﬂId_6UWg]e=LYkmUWg?F
¾ToLﬂg³UWg[EL+S^VEUnDHg³ÁbL\?CXLi[XLﬂg=V!VET?L«PQ­?r±SiIGSET?LDGCXF=Ig?UW²+IdVXUWDGgò?ﬃLf\]IdCXVEUSYZ?_sICX_Wl"[XToD±T?D
Z?[EUWg?FIM«Q­?r±SﬂIHSXToL[XVXCEZ]S^VEZ?CXL2KIjlMI_W_WD¿_nDSiIGSET?LT?UWVVEUWKMLGbo_nD±SﬂIHSXToLKMUW[X[C^IVXUWDb]¦=UWCXVEZ]I_
UWg]e=LYkmUWg?F-.Ê:IdgIdZ?VXDHKIVEUsSﬃT]IC^e=pIdCXL!K"Ig]IdFGLﬂK2Lﬂg=V%DSiIGSET?LfS^DHg?[XUW[EVXLﬂg]SYlw
¾%C^IGS^Le=CXUW¦GLig[XUWKZ?_sIVEUnDHg!CXLi[XZ?_WVX[ICEL	FHUn¦HLﬂgUWg[XL+SYVXUWDGg"~?HVXT?Lﬂ[ELCXLﬂ[EZ?_WVX[VXLig]eVED![XT?D VXT]IdV%DGC
[EUn²iLﬂ[fDdPSiIGSET?Lﬂ[!UWgVXT?LNj~j¬X}Gv2À	c=l=VXLi[fC^Ig?FHLIdg]e.DGC!I2KMUWg?UWKZ?K&\]IdFGL[XUW²ﬂLUWgVXT?LÁd¬®y"À c=lwVELﬂ[
C^Ig?FHLGb?VET?Lf«Q­?rASﬂIHSET?L!DGCEFwIdg?UW²+IVEUnDHgMUW[	I\]IdCXVXUsS^Zo_IdCX_WlUWg=VXLﬂCELﬂ[XVEUngoFe=Lﬂ[EUWFGg"VXC^IGe=L^¬ŁDÂ4]­mL+S^VXUWDHg0/
[EZ?KMK"ICXUW²ﬂLi[VET?UW[[XVXZe=lw
1
 32,fzﬁ"   	!P ﬂﬁ ﬁﬃ'     	
 ' +$%$
*ﬁﬃ
Łg¥VXT?UW[[XLjS^VXUWDGgòb%L2CXL+SﬂId_W_[XDGK2L\?CXLi¦wUWDHZ?[\?CXDH\]DH[XUWVXUWDHg?[!D!SﬂIGSET?L"[EVXCXZS^VXZ?CELﬂ[DGCI_W_WDUngoF_WD
SﬂIHSET?L!T?UWVVXUWK2L	Ig]e2_WD´SﬂIHSXToL!KMUW[X[ﬃCJIdVXUWD]
ìòì"÷4657865
Á  ﬂ·

   ﬂ
Łg"VET?UW[\]Id\]LiC+bL[ET]I_W_6IGemDG\?VﬃVXT?L
[JIK2Le=LY©]g?UWVXUWDGgo[	I[UW_W_Ung !ä~#
2Å
	 .É . 
'ﬀJº
' 
=¶W¸¸a¶ ¶ ﬃ!¸
'ﬀ	i»nºd¼ﬀﬁ· ﬁ	^¸¸Ł¶ ﬁﬃﬂ^º º Hºj¸Xº!ﬂ·"ﬁ ¢¸
'ﬀJº
'
ﬁ  º
w¶W¸$#
2Å
	 .É .%& 
'$^º	
º	 ﬃ ﬃ¸Ł¶ﬀ('ﬀ¶ ﬃ ¸
'fºdµ(i·Jº ﬁ  ﬂ»Wº¼)*ﬁd· ﬁ Y¸¸Ł¶ ﬁ+ﬂ^º	º Gº ¸®º,ﬂ·"ﬁ 
¸ 
 ^º	
-#
Q±CEDGZ?FHTMK2DmemLﬂ_WUn²jIVXUWDHgDVET?L^º	
º	 ﬃ ﬃ¸Ł¶ﬀﬃUW[*
'/.02143+576*6(8)9;:<>=@?BA"C ¨JN+ª
T?LiCXLD3E5F66UW[VXT?LKMUW[E[C^IVXUWDIg]eG9;:<>=@?BA"CUW[VXT?LIj¦GLﬂC^IFGL \]Lig]I_WVŁlM\IUseDHgIK2UW[X[+
¾ToL!KMUW[X[\Lﬂg]Id_WVŁl\IUse"T?LﬂgIGSﬂS^Li[X[XUWg?F"VET?LfLYkmVELﬂCXgI_4K2LﬂKMDHCXlT?UWLﬂCJIdCJSET=l³e=D=Lﬂ[g?DGVe=Lﬂ\Lﬂg]e
DHg VXToLSﬂIHSXToL[EVXCEZ]S^VXZoCXLGbc?Z?VKIUWg?_Wl"DGg:VET?LemLﬂ[XUWFGg¥D	VET?LMK2LﬂKMDHCXl"[Xl=[XVELﬂK³ò¾T?Lﬂg-L^Â;DGCEVX[UWg
SﬂIHSET?LMe=Lﬂ[EUnFHgT]Ij¦HL!VXD"cL!D?S^Zo[XL+e.DGgcDGVET³CEL+e=Z]SYUngoFVET?LfSﬂIHSET?LMIGSﬂSYLﬂ[X[!VEUWKML;  Ig]e"VET?LSﬂIGSET?L
K2Un[E[C^IVEUnD3+5766G
H/IKJ LNMOQPSRUTWVYX[Z]\\^P`_aR>Z]RQbPScedfghiR>Z]RQb!PjbMkTlTmMKX[P
Łg !ä~(#®bUUW_W_IdCXFGZoL+e"VXTIV+bUWg"KMDH[XVKMUsS^CEDG\?CED?S^Lﬂ[X[EDGC!e=Lﬂ[EUWFGg?[jb]VET?LfSﬂIHSET?LfToUnV VXUWKML!e=LiVXLﬂCEKMUWg?Lﬂ[ VXT?L
S^_WD?SEMDdVET?L[Xl=[XVELﬂKn=UWg"KMDH[XV4K2UsS^CXDH\?CXD?S^Lﬂ[E[XDHCX[+bVET?L!SﬂIGSET?L!ToUnVVEUWKMLUW[	I![EUWg?FG_WL!S^l?S^_WLG
{ g I"e=UWCXLjS^VŁ¬ŁKId\?\]Lje³SﬂIHSET?LGbòVXT?LCEL+IGeDdPIeoIVJI2K"IjlMcLe=L+SYDGKM\DG[EL+e.UngVŁﬃDSYDGg?[EL+S^Z?VEUn¦HL
[EVXLﬂ\?[¨ ©]FGZ?CELN+ªo
NGtL+IHe2DVET?L!ﬃDGC^eUWgSﬂIGSET?L
v?rﬃT?L+SE"VXT?LV^IFG[	IdFwIdUngo[XVﬃVXT?L!CEL^LﬂCELﬂg]S^Lje³IHe?e=CXLi[X[
{ gI
g=¬aIjl[XLiVŁ¬XI[X[ED?S^UsIVXUW¦HLzSiIGSET?LGbVXToLCEL+IGe2DdIe?IdVJI
Un[e=L+SYDGKM\DG[EL+e2UWgMVXToCXLﬂLfSYDGg?[EL+S^Z?VEUn¦HL
[EVXLﬂ\?[¨ ©]FGZ?CEL!vGªo
NGtL+IHe2DI[ELﬂVD4g"ﬃDGCJem[Ung2VXT?LSﬂIGSET?L
v?ﬃg"\]IC^I_W_WLﬂ_;VJIdFSET?L+SE=[IdFwIdUngo[XVVXToLzIHe?e=CELﬂ[X[ D4VXT?L!e?IdVJI
}?ﬃ[XLﬂ_WL+SYVXUWDGgDdVET?LfS^DHCXCXLjS^V	ﬃDGC^eMUWg2VXT?L![ELﬂV
¾T?UW[L^k?VECJI[XVELﬂ\L^k?\?_sIdUngo[T=lVXToLfSﬂIGSET?LT?UWVVEUnK2LUW[[X_WUWFGT=VX_WlT?UWFGT?LﬂCDHgI
[XLﬂV®¬®Id[X[EDmSYUIdVXUW¦GLSﬂIGSET?L
VET]Ig-DGgAI:e=UWCEL+S^VŁ¬ŁKId\?\L+e SﬂIHSET?LGbﬃc?Z?VDHCDGg=¬XSET?UW\¤SﬂIHSET?Lﬂ[M[EZ]SET´I:e=U°Â;LﬂCXLﬂgS^LKMUWFHTwV
c]L³HZ?UWVEL
Z?go[XUWFGg?U°©½SiIg=V¨avp ﬃLﬂCEL!CXLﬂ\DGCEVXL+ecwlGUW_W_ ! ~#ªﬂ
qW÷ÝÙß
